Interactions between the cardiovascular responses to the Valsalva manoeuvre and sustained handgrip were analysed in 5 men with untreated mild hypertension and 4young normal subjects. Though set at a higher level, there was a normal blood pressure response to the Valsalva manoeuvre during concurrent sustained handgrip in 4 of the 5 hypertensive subjects. At the end of the handgrip period in which the Valsalva manoeuvres were performed, the blood pressure was higher and the heart rate lower than in the control period of sustained handgrip. Thefifth subject developed a 'square wave' Valsalva response, which returned to a normal response when sustained handgrip was discontinued.
performed, the blood pressure was higher and the heart rate lower than in the control period of sustained handgrip. Thefifth subject developed a 'square wave' Valsalva response, which returned to a normal response when sustained handgrip was discontinued.
Analysis of RR interval changes in the normal subjects showed that both the tachycardia during, and the bradycardia after, the Valsalva strainperiod were significantly reduced during simultaneous sustained handgrip.
These results show that the two reflexes interact, but only to a minor extent, and that the baroreflex response is modified by sustained handgrip, rather than overidden as had previously been suggested. In view of the effect on the blood pressure and heart rate, subjects should avoid performing a Valsalva manoeuvre during sustained handgrip testing.
Because of the complexity of central nervous Subjects and methods system integration of the different cardiovascular reflexes in man, effects attributed to one reflex Two groups were studied. In the first the intra-arterial nay often be modified by other reflexes blood pressure was measured directly in five asymptoresponse may often be modlfied by otner renexes matic male patients with untreated mild hypertension.
acting at the same time. In the past, theoretical Their ages ranged from 27 to 64 years. Apart from the consideration has been given to this problem in blood pressure there were no abnormal physical signs. relation to static (or sustained) muscular exercise, On investigation one subject was found to have a conwhere there is a reflex increase in heart rate and genitally absent right kidney, and another a slightly enblood pressure. Lind et al. (1964) and Freyschuss larged heart on chest x-ray film. The patients had just (1970) have both suggested that these reflex re-completed a 24-hour period of intra-arterial radiotelesponses must override the baroreflex mechanism to metry via an indwelling radial artery cannula (18 gauge, allow the blood pressure and heart rate to rise 6.cm Longdwel nylon). The telemetry apparatus was together while sustained exercise contu . In disconnected and the arterial cannula connected to a together wthle sustaed exercise continues. n Statham P23 pressure transducer at a reference level practice, though most subjects taking part i 5 cm below the sternal angle and calibrated to the range sustained exercise testing are warned to avoid of pressures in the patient under study. The frequency breath-holding or performing a Valsalva manoeuvre response to the catheter system was linear to 14 Hz.
in case it interferes with the responses, there have The arterial blood pressure and a continuous electrobeen no studies published to show whether, in fact, cardiograph were recorded onto ultraviolet paper using a there is any interaction between the two reflexes. Honeywell recorder (type 1185 Mark 2).
The present study was, therefore, designed to (Ewing et al., 1974) . In most subjects this was sustained first documented by Hamilton, Woodbury, and Harper for approximately 4 minutes. The Valsalva manoeuvre (1936) and more recently described by Cudkowicz (1968) . was performed by blowing through a mouthpiece After the onset of straining, an initial increase in blood attached to a manometer and maintaining a pressure of pressure occurs for 2 to 3 seconds (phase I), followed 40 mmHg (5-3kPa) for 15 seconds. A side arm from the by a progressively decreasing blood pressure during mouthpiece was connected to a pressure transducer. continued strain (phase II). After the release of the This signal was recorded on another channel on the strain, there is an initial further fall in blood pressure ultraviolet recorder during the first study, and onto a for a few seconds (phase III), followed by a rebound second channel of the tape recorder in the second study, hypertension (the 'overshoot') (phase IV). The heart rate so that the onset and cessation of the Valsalva strain initially falls for 2 to 3 beats (phase I), then progressively period could be accurately defined.
increases during the strain (phase II), and increases Statistical analysis was undertaken using Student's further for a few seconds after release (phase III). paired 't' test.
Phase IV is marked by a bradycardia that follows shortly thereafter.
Plan of study
In the first study, the blood pressure during the different phases of the Valsalva manoeuvre was taken as The method in the two studies was identical except that; the highest or lowest point during each phase, and the in the second study, there was no control handgrip heart rate calculated from the simultaneous electroperiod. The nature of the studies was explained to the cardiogram. The heart rate changes were not measurable subjects and their consent obtained. The plan of each during phase III, and the systolic blood pressure study was as follows: exceeded the calibration range in one subject during (1) Supine rest period for 5 minutes. phase IV; these results have, therefore, been omitted from the calculations. The other blood pressure and (2) Sustained handgrip test at 30 per cent maximum heart rate measurements during the first study were taken voluntary contraction ('Handgrip I').
as the mean of 10 beats, either immediately before the beats before the onset of each Valsalva (pre-Valsalva (6) Sustained handgrip test at 30 per cent maximum period), of the 5 beats immediately before the end of the voluntary contraction ('Handgrip II'). During this strain (phase II), and beats 11 to 20 after release of period a Valsalva manoeuvre was undertaken 1 strain (phase IV). The onset of the phase IV bradyminute after starting handgrip ('1-min grip'), and a cardia, though usually occurring around the tenth beat second Valsalva 2 minutes after starting handgrip after the end of the strain period, was often difficult to ('2-min grip'), define accurately in view of the variation in consecutive ii) Heart rate responses (Tables 1 and 2 and Fig. 1 ) 28 beats/m ; 2-mm grip, 23 beats/mmin)
There were no significant differences in the heart rates during the Valsalva manoeuvre in either control period. During handgrip, the resting heart B) Effect on handgrip response (Table 3) The rates were faster, but there were no significant absolute level of blood pressure reached at the end differences in the heart rate levels reached during of handgrip and the incremental rise were higher phase II when compared with the control period. during handgrip II, but these differences did not The heart rates in phase IV were faster both at reach a level of statistical significance. Likewise, 1-min grip (79 beats/min) and at 2-min grip (89 the heart rate responses to handgrip were smaller beats/min) than the bradycardia during control I during handgrip II, but they were only significant (65 beats/min), but these differences did not reach in the absolute level of heart rate reached during statistical significance. There were corresponding handgrip II (95 beats/min) when compared with reductions both in the tachycardia during strain handgrip I (102 beats/min P < 0.05). (Fig. 2) One subject responded differently to the combined Valsalva tachycardia during, and the bradycardia after, the and handgrip manoeuvres, though his control I moeuvre are atteuated.
Valsalva manoeuvre was normal in pattern. As can be seen from Fig. 2 , during 1-min grip, he had a normal blood pressure response, but a flat heart Discussion rate response. During the 2-min grip period, he These results show that the blood pressure changes showed a 'square wave' blood pressure response, occurring during the Valsalva manoeuvre are not with no heart rate change. Control II, after release modified when sustained muscular exercise is perof handgrip, was again normal in pattern.
formed concurrently. Though set at a higher level, the expected rises in blood pressure in phases I 2) Study 2 (RR interval recordings) and IV, and falls in phases II and III occurred to
In view of the heart rate changes noted during the the same degree whether or not sustained handgrip intra-arterial studies, a more accurate analysis of the was being performed. The heart rate changes are, RR interval changes was undertaken in 4 normal however, modified. The first study gave suggestive subjects. The individual results are shown in evidence of a diminished tachycardia during phase Tables 4 and 5. II and a smaller bradycardia in phase IV, and this There were no consistent differences in the heart was confirmed by the more accurate measurement rate responses during the two control periods, of RR intervals in the second study. except for a slightly longer RR interval in phase I
In phase I of the Valsalva manoeuvre the induring control II. creased blood pressure is the result of the increased When the Valsalva manoeuvre was performed intrathoracic pressure at the onset of straining; concurrently with sustained handgrip, the RR and the rapidly falling blood pressure during intervals were shorter than in the control period phase II is caused by the reduced venous return producing a fall in cardiac output. In phase III the Only in older normal subjects and in patients with release of intrathoracic pressure and consequent rise myocardial dysfunction does a second mechanism, in pulmonary vascular capacitance causes a momen-that of increased peripheral resistance by systemic tary fall in cardiac output and further decrease in vasoconstriction, come into play to raise the blood blood pressure. This is followed by the rebound pressure (Macdonald et al., 1966;  Ewing et al., hypertension or overshoot of phase IV, which is 1973). The subjects in this study probably did not caused by the increase in cardiac output occurring have any active peripheral vascconstriction before at a point when the systemic vascular resistance is the Valsalva strain period, and it is, therefore, likely still raised in response to baroreflex stimulation that active peripheral vasoconstriction took place produced by the fall in blood pressure during phase during the Valsalva strain period, thus explaining II. why the blood pressure overshoot occurred even The detectable reflex events during the Valsalva though sustained handgrip was being performed manoeuvre include the initial bradycardia in phase I, concurrently. which is said to occur in response to the increased One subject developed a 'square wave' response blood pressure (Elisberg, 1963 ; Stone, Lyon, and during sustained handgrip. This pattern of re- Teirstein, 1965; Fox et al., 1966) ; but this was not sponse to the Valsalva manoeuvre is found in consistently detected in the present study (Fig. 3) . cardiac failure where an increase in intrathoracic In-phase II, tachycardia and peripheral vasocon-pressure does not critically reduce venous return striction occur in response to the fall in blood with consequently little change in cardiac output pressure, if the baroreflexes are functioning nor-during strain and, therefore, no baroreflex stimulamally, and there is then a bradycardia and peripheral tion. Some work by Cudkowicz (1968) showed that vasodilatation in response to the blood pressure infusion of noradrenaline will also produce a square overshoot in phase IV. wave response. Noradrenaline acts to produce a Most young normal subjects (Lind et al., 1964) peripheral vasoconstriction and, though its effects and hypertensive patients without evidence of on the venous side are not clear, there is an increase cardiac damage (Ewing et al., 1973) increase their in central blood volume during infusion and right blood pressure during sustained handgrip by a atrial filling pressure rises (Cudkowicz, 1968) . heart rate dependent increase in cardiac output. During sustained muscular exercise, the venous 
